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Introduction. The efficient use of energy from small water flows is important from
the point of view of saving fuel, and energy resources, and protecting the
environment'. It should be noted that many developed countries of the world are
building and using mini-HPPs. This fact becomes even more important in the RA as it
is a country with poor fuel and energy resources. It is necessary to use every
opportunity effectively, to draw up a development plan towards energy security and
independency and implement it step by step. It is necessary to solve this issue at the
state level by creating an appropriate professional commission.

The relevance of the article. The creation of several mini-HPPs will provide an
opportunity to obtain additional electrical energy, and to alleviate the energy
challenges to some extent.

Purpose. The purpose of the article is to study the necessity of building a mini-
HPP station in the RA Aragatsont region and to make appropriate proposals.

Literature review. The proper management of water resources has an undeniable
importance in terms of providing electricity in the country. There are practically no
energy/fuel resources in the RA, and water power plants are considered one of the
primary sources of electricity for the RA?. According to the Water Code of the RA,
water resources are the sum of national water supplies and usable water sources.
National water resources are the sum of the quantity and quality of water resources
needed to meet basic human needs and maintain aquatic ecosystems®*.

The rivers of the Republic of Armenia, as a rule, have special characteristics of
mountain rivers: large declines and slopes, waterfalls and slides, flood-mud temporary

1 Papikyan S.R. New economic approaches to the development of hydroelectric power stations in
Armenia. // Russia: trends and development prospects. Yearbook. Issue 17, part 2. Materials of the XIII
International Scientific and Practical Conference, Regions of Russia: development strategies and
mechanisms for the implementation of priority national and regional projects and programs, Part 2./ M,
2022. 309-311.

2 Butysin A.V. Impact of hydroelectric power plants on the environment. // Advances in modern natural
science. — 2011. — No. 7. — P. 84-85.

3 Source: www.minenergy.ampage/448, last accessed: 15/10/2023.

* RA Water Code, Number HO-373-N, RAPT 2002.07.10/24(199) Article 581, Adopted by the National
Assembly of the Republic of Armenia on June 4, 2002, Chapter 1, Article 1.
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rivers and beds, rainwater, snowmelt and underground feeding, and spring floods. It is
particularly noteworthy that the flow mainly occurs in high-altitude zones!.

In the RA, according to the nature of utilization, two main types of rivers merge -
irrigation and electricity. For rational use of water for irrigation, reservoirs were built
on the rivers, the number of which reaches 80 with a total area of 990 million m3. They
are used mainly for irrigation, energy, and fish farming purposes. The largest of the
reservoirs is Akhuryan with a volume of 525 million m?® (Turkey also uses these water
reserves). The use of the RA rivers for energy purposes is also evidenced by the existing
hydroelectric power plants (HPP) in RA. The most famous of them are the Sevan-
Hazdan cascade (6 HHP), and Vorotan cascade (3 HHP).

From the point of view of water resources management, the construction of HPPs

is important?.

Methodology. The main hydraulic equations and energy balance conditions for
energy storage and conversion, design, and construction of hydroelectric power plants
were used in the framework of this research.

Analyses and discussion. The mini-HPP is planned to be built in the Aragatsotn
region, in the territory of the Aragats community. A water intake is built on its left
side. The total length of the derivation is 3682.0m, which currently exists and was
previously made of steel pipes with a diameter of 0.15m. The capacity of the derivation
is 0.025m?s.

The existing HPP building is of the above-ground type, where it is planned to
install one hydro unit consisting of a turbine and a chrono-generator. A bridge crane
with a lifting capacity of 1.0 tonnes will be installed in the HPP building. The
foundations of hydro units will be made of reinforced concrete. The axis of the
hydroturbine is 1943.0m. The water used by the HPP is removed through a rectangular
drainage channel.

HPP-standard parameters are:

¢ installed capacity: N = 23 kW;
e static pressure: Hs = 175.4m;
e calculated pressure: H = 115.5m;
e calculated output: Q = 0.025m?s;
The average annual amount of produced electricity is 0.18 million kWh.
Capital investments aimed at the restoration of irrigation systems should ensure

priority repair or restoration of the main irrigation canals in areas where gravity water

1 Concept of "Introduction of water-saving technologies", Appendix No. 1 of the RA Government's
decision No. 39-L of January 17, 2019

2 Volnushkina K. A. Bryanskaya Yu. V. // Hydraulic resistance of pipelines restored using polymer hoses.
// Hydraulic engineering. No. 9, 2023.
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supply is not possible by upgrading pumping stations, intending to increase the water
capacity of the canals by construction or reconstruction of internally operated canals!.

The correct management of water resources is also important in terms of providing
electricity in the country. There are practically no energy resources in the RA and
hydropower resources are considered to be one of Armenia's sources of electricity?.

The Gegharot River is the right tributary of the Kasakh River, which flows 47
kilometers from the mouth of the River. The length of the river is 25km. It originates
from Aragats Mountain and flows in both east and northeast directions. The catchment
area is 66.0 km?, and the average height of the catchment basin is 2970m. It originates
from the 4090m height of the eastern slope of Aragats mountain. The source forms a
small water catchment area, covered with eternal snow. In the upper reaches, the river
mainly flows through the gorge, on the way it receives numerous springs and streams
fed by snowmelt.

The planned HPP should fully utilize the hydropower reserves between 2118.4
meters and 1943.0 meters of the river as much as possible. Based on the average
monthly data of the annual flow of 50% safety in the given section of the river and the
size of the necessary environmental output, let's choose the main parameters of the
HPP.

By derivation, the important energy parameters of the HPP are calculated output,
calculated pressure, and installed capacity?®.

To implement the pipeline derivation, consider the efficiency of investments in
the case of pipelines of different diameters.

Pressure losses in the pipeline were calculated according to the following formula:

hw = 1.1aAQL,

where:

A is the resistivity of the pipe;

Q is output; L is the length of the pipeline;

1.1 is a factor by which local losses are considered;

a is a correction factor / when the water speed is greater than 1.2 m/s, then a=1/.

Let's determine the values of the parameters of the HPP by technical-economic
calculation, taking into account the environmental outputs. The amount of technical
losses of electricity is accepted as 4%.

The calculation results are presented in Table 1.

1 Hakobyan E.A. Existing problems in the field of irrigation and ways of solving them // Current problems
of socio-economic development in the Republic of Armenia/Scientific articles collection/, book 2, 2013,
-224 pages: Pages 150-152 :

2 National Adaptation Program for the Advancement of Medium and Long-Term Adaptation Planning in
Armenia, UNDP-KPC Project, "Identification and Analysis of Legal, Institutional, Vulnerability
Assessment and Adaptation Planning Gaps and Obstacles in the Fields of Water Resource Management
under Climate Change Conditions", 2020. Page 14.
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Table 1
The calculation of HPP parameters
a/ when the pipeline diameter is 0.15 m

Output, m?s 0.015 | 0.020 [ 0.025 |0.030 | 0.035

Static pressure, m 175.4

Calculated pressure, m 1583.8 | 137.0 | 1155 89.1 |60.0
Power, kW 18.0 220 |23.0 21.0 | 16.0
Electricity output, million kWh 0.15 0.17 |0.18 0.17 ]0.13
Amount of electric energy sold, million kWh 0.14 0.16 | 0.17 0.1 0.12
Capital investments, million AMD 10.2 11.0 11.3 11.0 ]9.6
Internal rate of profit, % 8.5 12.88 | 14.15 12.1 49
Investment payback period, year 10.7 7.6 6.9 8.0 15.6

From the data of the table can be concluded that the version of the pipeline with a
diameter of d=0.15m and output Q=0.025m3/s has the best economic indicators
(IRR=14.15%, PB=6.9 years). This option is accepted as a draft project, in which case
the parameters of the HPP will be:

- installed power: N=23KW,

- calculation output: Q=0.025m3/s,

- static pressure: Hu=175.4m,

- calculated pressure: H=115.5m.

It is planned to install one hydro unit in the HPP building, which will have an
automatic regulation and control system. The control, automation, and control station
equipment ensures the normal operation of the station in automatic mode.

A separate location inside the HPP building is provided for all control panels of
the HPP. The tower block also fits into the building.

In this case, there is a need to have a telephone connection between the HPP
operating staff and the district operating service, because the HPP is connected to a
substation belonging to the power system. Anti-fire measures are planned in the HPP
building. In the vertical section of the hydroelectric power plant-intake receiver, the
studies of geologic hydrology and regimes show that taking into account the ecological
requirements, the quantities of water flow resources used for the hydroelectric power
plant are guaranteed and reliable.

Based on these data, a water management calculation for the 50% security
accounting year was made in Table 2 for the considered versions of the HPP, where the
sanitary outputs were taken into account. The magnitude of the potential flow for the
use of the hydroelectric power plant and the electric power output have been
determined.
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The suitability of the site selection of the HPP structures lies in the fact that there
are currently existing wall water intakes, derivation pipelines, and HPP building
structures.

HPP includes the following main structures:

1. Dam water intake;

2. Pressure derivation pipeline;

3. Hydroelectric power plant.

The HPP dam water intake, which exists, was built in the 2118.4m section of the
Gegharot River. A water intake was built on the river's left side.

The total length of the derivation is 3682.0m, which currently exists and was
previously made of steel pipes with a diameter of 0.15m. The capacity of the derivation
is 0.025m3/s. It should be noted that currently, HPP produces about 1/3 of the
electricity of RAL

The water used by the HPP is removed through a rectangular drainage channel.
The minimum environmental output is 320 I/s. The calculated output of the HPP is
taken from the pressure pipeline starting from the dam intake, and after the HPP
building, it is returned to the river, without any change in quality or quantity. As a
result, the regime of existing water consumers is not violated. No need for felling trees
during construction. Wildlife is absent here, as it is located next to an existing road.

! Papikyan S.R., Energy of Armenia: Today and Tomorrow. // Energy abroad. M. No. 4; 2022, pp. 42-45.
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An estimate of the annual average multi-year magnitude of produced electricity

Table 2

Indicator Months Year Average
I I I v v vi | viI | vil | X X XI | X

h ]
Month average natura 036 | 036 | 038 | 046 | 0,88 | 267 | 317 | 195 | 0,66 | 050 | 044 | 042 1,02
water output (m3/s)
Sani Jet vol
(Ianl:;:;‘ry ouretvome 011 | 010 | 011 | 017 | 029 | 028 | 032 | 022 | 018 | 013 | 0,14 | 012 .
Free flow (m¥s) 025 | 026 | 027 | 029 | 059 | 239 | 285 | 1,73 | 0.48 | 037 | 030 | 030
The necessary output 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025 | 0.025
volume for HPP (m?/s)
Static pressure (m) 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40 | 175,40
Pressure (m) 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50 | 115,50
The energy efficiency of | o1 | 081 | 081 | 081 | 081 | 081 | 081 | 081 | 081 | 081 | 081 | 081
aggregates
HPP capacity (kW) 23 23 23 23 23 23 23 23 23 23 23 23
Working hours 744 | 672 | 744 | 720 | 744 | 720 | 744 | 744 | 720 | 744 | 720 | 720 8736
Amount  of  produced) 15 17 17 17 17 17 0 17 17 17 17 180
energy (approx. kWh)




The construction of HPP can contribute to the solution of energy security issues to

some extent!.

The annual operating costs of power generation are made up of depreciation

allocations (assumed to be linear at 3.3% of the budgeted cost), repair costs, staff salaries,

administrative costs, and material procurement costs.

Cost efficiency forecasting (AMD)

Table 3

Total output, kWh 183 230,4
Own needs (2%) and transportation loss (2%) 175901,1
Gross income (kWh *tariff) thousand. AMD 4197 001,3
Operating salary 1256 989,7
Operating costs, routine repairs, and breakdowns 576 252,4
Net income 2363 759,3
Administrative salary -
Administrative expenses 240 000,0
Fees and other mandatory fees 180 000,0
Amortization allocations (30 years, on full capital) 376 128,7
Water transportation costs -
Other expenses 4200,0
Profit before taxes 1563 430,6
Profit tax 312 686,1
Net profit 1250 744,5

The capital investments necessary for the construction and installation of HPP are

presented in detail in Table 4.

Table 4
Capital investments of HPP
Construction AMD
Dam 2 600,00
Pipeline 240 311,55
HPP building 747 000,00
The cost of hydro units (hydro turbines, generators) with installation 6 037 500,00
Transformer substation 410 550,00
High voltage power line 445 900,00
Other expenses
Total for construction 7 883 861,55

1 Papikyan S.R., Ways to increase energy security and efficiency, Monograph: National Academy of

Sciences, 2023, 100 pages.
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Fuel 800 000,00
Design and estimate works 1 000 000,00
Other expenses 1 600 000,00
Total other expenses 3 400 000,00
Total investments 11 283 862

Scientific novelty. As a result of the conducted studies and analyses, the feasibility
of building a mini-HPP in the area of Aragats community in the Aragattsotn region of
the RA was assessed, providing saving of fuel and energy resources, which can reach up
to 40 tons of saved fuel resources per year.

Practical implications. The research has practical significance and can be applied
both in the Aragatsotn region and in other similar territories of RA.

Conclusions:

1. Studies show that the construction of mini-HPP is profitable and technically
feasible. In the case of the proposed plan, the HPP will produce more than 180,000
KW/hour of electricity annually.

2. Fuel saving can be more than 40 tons per year. In the process, no more than 360
kilograms of nitrogen oxides and other toxic substances will be released into the
environment.

3. The results of the article can be used specifically for the efficient use of small

water streams.
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9KOHOMUYECKUE OCOBEHHOCTU CTPOUTEJNIbCTBA MAJIBIX T3C

Crenan PadukoBuy lMNanukan
Manyk Pacpukosuy lNanukan

Awmnorauusa. Beezenme. C TOukM 3peHHS SKOHOMUU TOIUIMBHO-JHEPreTHYECKUX
PeCypCOB U 3alIUTHL OKPY’Kalollei cpensl - 60IblIOe 3HaYeHUe uMeeT 3PpGeKTUBHOE HC-
IIOJIb30BAaHME DHEPTUM MAajabIX BOZHBIX HOTOKOB. (jlelyeT OTMETHTH, YTO MHOTHE
pa3BUThIe CTPAHBI MHpa B HACTOsIlee BpeMs CTPOAT U sKcIutyatupyior MuHu-I'DC. D10
00CTOATEIBCTBO CTAHOBUTCA elle Oojee BaXKHBIM B CBSI3U C TeM, uyTo ApmeHus OerHa
TOIITUBHO-DHEPTEeTHYEeCKUMH pecypcaMu. MBI NPMHOCHM €ro Uu3BHE, IIpeofoJeBas
MHOXXECTBO TPy HOCTeil 1 npensarcTBuil. CI0XXHBIE T€OIOTUTHIECKIe COOBITHS, IIPOUC-
XOZfIIVie B HAlleM peruoHe, JAal0T HaM IIOBOJ, 3aZyMaTbcsA 00 3ToM. JI100yio BO3MOMK-
HOCTh HEOOXOJVMO HCIIOIb30BaTh 3ddekTuBHO. Heo6X0AUMMO COCTaBUTH IIAaH Pa3BUTUS
U TI03TAITHO ero peanu3oBaTs. Hukakux Menodeii B 3ToM BoIpoce G5ITh He MOxKeT. Heo6-
XOAMMO PELIUTh 3TOT BOIPOC ITyTeM CO3JAHUA COOTBETCTBYIOIIEH IpodecCHOHAIBHOM
KOMHCCHY Ha TOCYyAapCTBEHHOM YpOBHe. Pe3yibTaThl He 3aCTaBAT cebs LOJITO XKAATh.

AxtyansHocTh. Co37aHMe HECKOJIPKUX [JeCATKOB KuiaoBarT MUHH-I'DC pmact Bo3-
MOXXHOCTB ITOJIy4aTh JOTIOJHUTEIBHYIO 2JIEKTPHYECKYIO DHEPTHIO, B HEKOTOPOI CTeIIeHU
CMATYUT SHEPreTUdecKHe 3aJauu.

Iens crarhu — U3yYUTH HEOOXOZUMOCTH CTpouTeNbCTBa MUHU-I'DC B 06muHe Apa-
ran, AparanorHcKoro paiioHa PA v BHeCTH COOTBETCTBYIOLIYE IIPe/IIOXKEHNUA.

Merogonorusa. B paboTe mCIIOIB30BaHBI OCHOBHBIE TMZpPABINYeCKHe YPaBHEHUS U
yCJIOBUS DHEPreTHYeCcKOro 6ajaHca [AjA XpaHeHUs U IpeoOpa3soBaHUs SHEPrHH, IPOeK-
THPOBaHUA ¥ CTPOUTEIBCTBA TUPOSIEKTPOCTAHITHIA.

BosmoxxuocT mpuMeHeHusa. PaGoTa nMeeT ImpakTHYecKoe 3HaYeHUEe W MOXeT OBITh

IIpPMEHEHA KdK B ApaI‘aHOTHCKOM permone, Tak 1 Ha Bcelt TeppHUTOPUHU PA.
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Haygunas HoBM3HA. B pesysbTaTe mpoBejeHHBIX MCCIIeIOBAaHUI U aHAIM30B OlleHeHA
I1es1ecoo6pasHoCcTh  cTpouTesnbcTBa MuHU-I'DC Ha Teppuropum OoOmMHBL Aparail
Aparanorackoro paiiona Pecnmy6nuku Apmenwus, obecmeumnBamomeil skoHoMuoo 1o 40

TOHH TOIIVIMBHO-9HEPIreTHUYEeCKHNX PeCypCOB B T'OA.

Kmouessie cnoBa: I'DC, siekTposHeprus, IOTepH Pacxofa, TPyOOIIPOBOJ, MOII-

HOCTbD, pr6a, KaIInTaJIbHbIE€ BJIOJKEHUA, JdBJI€HHE.
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Abstract. Introduction. The efficient use of energy from small water flows is
important from the point of view of saving fuel, and energy resources, and protecting
the environment. It should be noted that many developed countries of the world are
building and using mini-HPPs. This fact becomes even more important in the RA as it is
a country with poor fuel and energy resources. It is necessary to use every opportunity
effectively, to draw up a development plan towards energy security and independency
and implement it step by step. It is necessary to solve this issue at the state level by
creating an appropriate professional commission.

The relevance of the article. The creation of several mini-HPPs will provide an
opportunity to obtain additional electrical energy, and to alleviate the energy challenges
to some extent.

Purpose. The purpose of the article is to study the necessity of building a mini-HPP
station in the RA Aragatsont region and to make appropriate proposals.

Methodology. The main hydraulic equations and energy balance conditions for
energy storage and conversion, design, and construction of hydroelectric power plants
were used in the framework of this research.

Practical implications. The research has practical significance and can be applied
both in the Aragatsotn region and in other similar territories of RA.

Scientific novelty. As a result of the conducted studies and analyses, the feasibility
of building a mini-HPP in the area of Aragats community in the Aragattsotn region of
the RA was assessed, providing saving of fuel and energy resources, which can reach up
to 40 tons of saved fuel resources per year.
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